On the accuracy of the GIAO-DFT calculation of 15N NMR chemical shifts of the nitrogen-containing heterocycles--a gateway to better agreement with experiment at lower computational cost.
The main factors affecting the accuracy and computational cost of the gauge-independent atomic orbital density functional theory (GIAO-DFT) calculation of (15)N NMR chemical shifts in the representative series of key nitrogen-containing heterocycles--azoles and azines--have been systematically analyzed. In the calculation of (15)N NMR chemical shifts, the best result has been achieved with the KT3 functional used in combination with Jensen's pcS-3 basis set (GIAO-DFT-KT3/pcS-3) resulting in the value of mean absolute error as small as 5 ppm for a range exceeding 270 ppm in a benchmark series of 23 compounds with an overall number of 41 different (15)N NMR chemical shifts. Another essential finding is that basically, the application of the locally dense basis set approach is justified in the calculation of (15)N NMR chemical shifts within the 3-4 ppm error that results in a dramatic decrease in computational cost. Based on the present data, we recommend GIAO-DFT-KT3/pcS-3//pc-2 as one of the most effective locally dense basis set schemes for the calculation of (15)N NMR chemical shifts.